Introduction {#sec1-1}
============

Urinary bladder carcinoma represents second most common malignancy of the genitourinary tract and constitutes 7% of all malignancies in men and 2% of all malignancies in women.\[[@ref1]\] Transitional cell carcinoma (TCC) is the most common tumor histology. Approximately 70% of TCCs present as a superficial lesion while 10-20% of these progress to muscle invasive lesion. Nearly 20-25% of newly diagnosed bladder cancers are muscle invasive and 5-10% are metastatic at initial presentation.\[[@ref2]\] Urine cytology and cystoscopy with biopsy are the mainstay of diagnostic modalities. Conventional imaging evaluation includes ultrasonography, computed tomography (CT) and magnetic resonance imaging (MRI). However, CT and MRI are not reliable in evaluating the extent of local or regional disease.\[[@ref3][@ref4]\] CT and MRI encounter difficulties because tumor involvement is not necessarily reflected by changes in shape or texture of an affected lymph node (LN). Lymph nodes not exceeding 1 cm in diameter are difficult to detect and the importance of these small LNs on CT or MRI is uncertain. Furthermore, the presence of enlarged regional LNs does not always indicate metastasis; rather, such nodes may be reactive. Nearly 50% of the high-grade tumors may have occult metastatic disease at initial diagnosis and gross metastases within 2 years of diagnosis despite prompt treatment.\[[@ref3]\] CT and MRI have accuracies as low as 55% and 60%, respectively.\[[@ref4][@ref5][@ref6]\] Novel imaging methods are needed to detect occult metastatic disease. Prognosis depends upon the depth of tumor penetration into the bladder wall, with 5-year survival of 85% for superficial disease and 55% for invasive disease. Metastatic disease is associated with very poor prognosis.\[[@ref7]\] Treatment depends on the disease stage. For low-grade, superficial tumors treatment of the lesion is complete endoscopic resection with or without additional intravesical chemotherapy. For non-metastatic invasive bladder cancer the standard treatment is radical cystectomy with urinary diversion.\[[@ref8][@ref9]\] Treatment of metastatic disease includes chemotherapy and palliative radiation therapy. Fludeoxyglucose (FDG) positron emission tomography (PET) is a molecular imaging technique that assesses regional glucose metabolism. It is widely used because most cancers exhibit increased glucose utilization compared with normal tissues.\[[@ref10]\] Metabolic changes detectable by PET precede morphologic changes detectable by anatomic imaging methods, leading to greater sensitivity of PET. Combined PET/CT provides spatially co-registered functional and anatomic images, resulting in increased sensitivity and specificity by comparison with PET alone for many different tumor types.\[[@ref11]\]

Preliminary assessment of FDG PET in patients with bladder cancer revealed that FDG PET could detect distant metastatic lesions and was useful in differentiating viable recurrent tumor from radiation-induced alterations.\[[@ref12]\] However, detection of the primary bladder tumor was difficult due to intense accumulation of excreted FDG in urine. Interventions such as bladder irrigation, forced diuresis with furosemide, or both, may contribute significantly to overcome this problem.\[[@ref13]\] This study was performed to evaluate the diagnostic utility of FDG PET/CT in the imaging evaluation of patients with primary and metastatic bladder carcinoma.

Materials and Methods {#sec1-2}
=====================

Patient population {#sec2-1}
------------------

Seventy-seven consecutive patients (72 male; 5 female) of histopathologically confirmed carcinoma urinary bladder (high grade TCC in 50 patients, low grade in 23, adenocarcinoma in 2 and 1 each of Squamous cell carcinoma and sarcomatoid carcinoma) subjected to F-18 FDG PET/CT from April 2009 to June 2011 were included in this study. Average age of the patients was 60 years (age range 30-88 years). All patients had been previously submitted to transurethral biopsy or primary tumor resection or cystectomy.

Patients were analyzed in 2 groups: One group included the patients for initial staging after transurethral biopsy (34 patients) and another group of 43 patients for restaging (after 3 times transurethral resection 21, chemotherapy 5, radiotherapy 3, radical cystectomy 5, combined chemotherapy and radiotherapy 6 and combined radical cystectomy, chemotherapy and radiotherapy 3 patients respectively). All patients underwent conventional staging procedures including CT scan of the abdomen and pelvis. PET/CT findings were correlated with diagnostic CT scan and histopathological findings.

PET/CT protocol {#sec2-2}
---------------

Patients were instructed to fast for at least 6 h prior to PET investigation. An intravenous injection of 370-555 MBq (10-15 mCi) of 18F-FDG was given. Blood glucose was measured before injection of the tracer to ensure glucose blood levels below 150 mg/dL.

PET/CT images were acquired from the base of the skull to the mid-thighs 60 min after the intravenous injection of F18-FDG using dedicated PET/CT scanner present (Discovery STE-16, GE Healthcare, Milwaukee, U.S.A). Breath holding CT transmission images were acquired (140 kVp, 80 mA, Pitch: 1.375, slice thickness: 1.25 mm) after administration of intravenous and oral contrast. The PET emission scan was obtained in 3-D mode from the mid-thigh and ending at the base of the skull in 5-8 bed positions with an acquisition time of 2 min for each bed position, immediately after acquisition of the CT scan. An additional single bed position acquisition was also acquired for the head if there was suspicion of brain metastases. In 63 patients delayed pelvic image was acquired 1 h after the intravenous injection of furosemide (40 mg), oral hydration and repeated bladder evacuation. The data was reconstructed by iterative reconstruction with CT-derived attenuation correction using the ordered subsets expectation maximization algorithm. PET, CT and fused PET/CT images were displayed on Advantage workstation (GE Healthcare).

Data analysis {#sec2-3}
-------------

All PET/CT images were interpreted by two experienced nuclear medicine physicians. Focal accumulation of FDG above background (liver, non-working muscle) was considered as a positive finding. In addition to qualitative evaluation of the images, the maximum standardized uptake values (SUVmax) were also recorded for selected lesions, using software provided by the vendor. The combined metabolic information of PET and structural information of CT were used for image interpretation. Discordant metabolic-structural findings were further analyzed. Available correlative imaging studies at the time of PET/CT interpretation included contrast-enhanced CT studies of the abdomen and pelvis in all patients and bone scintigraphy in 18 patients. All these studies were obtained within 3 months of the PET scans. Confirmation of the findings was done by histopathology in 40 patients and by follow-up PET/CT scan in 10 patients. A lesion was considered true positive (TP) on imaging if the same lesion was confirmed on histology, false positive (FP) on imaging when histology was negative, false negative (FN) if histology of lesion revealed malignant involvement with no positive imaging findings and true negative when both imaging and histology were negative. Sensitivity, specificity, accuracy, positive predictive value (PPV) and negative predictive value (NPV) of both PET/CT and CT were calculated.

Results {#sec1-3}
=======

In Group I (patients investigated for initial staging, n = 34), both PET/CT and CT detected primary lesion in the bladder in 30 patients. FDG uptake (SUVmax) in primary lesions varied from 5.7-30.4. Final histopathology report was available in 23/34 patient.

Of the 23 patients with available histopathological data, PET/CT detected local LNs involvement in 10/23 patients (local nodes in 2 patients, iliac nodes in 4 patients, extra pelvic in 1 patient, local, iliac and extrapelvic in 1 patient and iliac and extrapelvic in 2 patients). PET/CT was TP in 7/10 patients, FP in 3/10, true negative in 12/13 patients and FN in 1/13 patients. CT detected LN metastasis in 12 patients (TP - 6/12 and FP - 6/12. Eight patients were true negative and 3 were FN. PET/CT upstaged one patient and down staged 4 patients compared with CT. However, this modality misdiagnosed 4 patients \[[Figure 1](#F1){ref-type="fig"}\]. Sensitivity, specificity, PPV, NPV and accuracy for PET/CT have been calculated to be 87.5%, 80%, 70%, 92%, 82% and for CT 66%, 57%, 50%, 72%, 60% respectively.

![F-18 fludeoxyglucose (FDG) Whole body positron emission tomography/computed tomography image of a patient referred for staging of the urinary bladder carcinoma (a) Maximum intensity projection image showing intense FDG uptake in left external iliac lymph nodes (arrow) along with other lesion, axial fused images showing intense FDG avid foci in the vertebra (b) and left ilium (c) respectively while the corresponding axial CT images (d and e) show no definite changes](WJNM-13-34-g001){#F1}

PET/CT detected single or multiple metastases in 8 patients (local spread in 3, lungs in 4, liver in 2 and bone in 2 patients respectively) whereas CT detected metastatic disease in 4 patients. Bone scan done in 7 was found to be negative for skeletal metastases in all patients. In 4 patients both PET/CT and CT were normal, two of them did not develop any abnormality on follow-up.

Amongst the 43 Group II patients for restaging, both PET/CT and CT were found to be positive in 24 patients and negative in 19 patients. The FDG uptake (SUVmax) in this group varied from 5.2 to 30.8. Histopathology report was available in 17 patients. PET/CT detected local LNs in 10 patients (local nodes in 1 patient, iliac nodes in patient, extrapelvic nodes in 3 patients, local, iliac and extra pelvic nodes in 3 patient and iliac and extrapelvic in remaining 2 patients). The FDG uptake (SUVmax) in LN metastases this group varied from 3.5 to 13.5. Lymph nodes metastatic involvement on PET/CT was TP in 6/10 patients, FP in 4/10, TN in 6/7 and FN in 1/7 patients respectively. CT was TP in 4, FP in 6, TN in 6 and FN in 1 patient respectively. Sensitivity, specificity, PPV, NPV and accuracy for PET/CT was 85%, 60%, 60%, 85%, 70% and for CT was 80%, 50%, 40%, 85%, 58% respectively.

PET/CT also detected single or multiple metastases in 19 patients (local spread 11, lungs 7, liver 4, muscle 5, adrenal 2, kidney 2, brain 2 and bone 10 patients respectively) whereas CT detected metastatic disease in 11 patients. Bone scan was done in 18 patients was found to be positive in 8 patients. Extensive metastases were found in multiple organs so histopathological confirmation was not done in 11 patients. Of these 11 patients, 7 patients showed PET e/o metabolic response after chemotherapy in follow-up scans proving metastatic nature of the disease. Remaining 4 patient\'s a progressive disease was proven by other imaging modality. In one patient suspected metastasis to colon on imaging was later confirmed to be due to collagenous colitis.

Forced diuresis coupled with oral hydration showed marked reduction of urinary tract activity to near-background level in 49 out of 63 bladder preserved patients \[[Figure 2](#F2){ref-type="fig"}\].

![F-18 fludeoxyglucose positron emission tomography/computed tomography fused images of a patient (a) prior to furosemide injection and (b) after furosemide demonstrating better delineation of tumor uptake in the later image](WJNM-13-34-g002){#F2}

Discussion {#sec1-4}
==========

Assessment of local disease as well as evaluation of recurrence and distant spread has immense importance in planning the optimal therapy in patients with carcinoma urinary bladder. PET imaging has been effectively used in a variety of cancer for primary staging and restaging of disease after therapy. This retrospective study validated the utility of FDG-PET/CT in initial staging and restaging of bladder carcinoma. CT is the most widely used technique for preoperative node, metastases (NM) staging in bladder carcinoma. The reported accuracy of CT in detecting LN involvement ranges from 70% to 90%, with false-negative rates of 25-40% respectively.\[[@ref4][@ref9]\]

Bladder carcinomas are FDG-avid. We have found a SUVmax in the range of 5.7-30.4 for the primary tumor and 3.5-13.8 in LN metastases. In an earlier rat bladder tumor model, a high tumor-to-blood FDG uptake ratio of 22 was noted.\[[@ref14]\] In our study, regarding primary tumor detection both PET/CT and CT are equally good and detected 88% tumors which were proved histopathologically. Underestimation of tumor spread by CT can be improved by using PET/CT. PET/CT improved detection of metastatic LN in 5 patients (1 patient upstaged and 4 patients down staged) in initial staging group and 2 patients (upstaged) in restaging group.

Metastatic disease was detected by PET/CT in 8 patients whereas CT detected in 4 patients when the patients were subjected to pre-operative staging (initial staging). In the restaging group 19 patients were found to have metastatic disease by PET/CT but CT was found to positive in 11 patients. The metastatic sites detected by PET/CT in the present study included the liver, kidney, adrenal, mediastinum, lungs, brain and bone. Rare metastatic involvement of skeletal muscle and penile muscle was found in 4 and 2 patients respectively. Local spread to the adjacent structures was found to the ureter in 6 patients, 5 patients in prostate, 2 patients each to the seminal vesicle and rectum. In 7 patients follow-up imaging confirmed metastatic nature, however in other cases follow-up imaging or histopathology report was not found. Overall, in both groups of patients, PET/CT diagnostic information was valuable in detecting, localizing and characterizing the extent of metastatic disease.

Among the additional imaging modalities bone scan was negative for 7 patients but PET/CT detected metastases in 2 other patients in initial staging group. In restaging group 18 patients underwent bone scan and was positive in 8 patients whereas PET/CT detected bony lesions in 10 patients. PET/CT positivity of more lesions represents early marrow deposits of metastatic tumor. Incorporation of metabolic information in the diagnostic imaging assessment can affect clinical management significantly. In this study, the complementary information provided by the PET/CT affected the clinical management in 5 patients in initial staging group and 6 patients in the restaging group by altering the management strategy between curative or palliative options.

FDG undergoes glomerular filtration similar to glucose, but it is not reabsorbed through the tubules and it is largely excreted in the urine, producing high activity in the urinary tract.\[[@ref15]\] Hence, a major limitation of the use of FDG-PET for staging an abdominal malignancy is the urinary elimination and the non-specific and variable intestinal uptake of the radiotracer, which may mimic focal hyper metabolism and thus lead to a false-positive diagnosis. Delayed imaging after forced diuresis using furosemide and repeated micturition improves lesion detection by reducing the urinary activity. In our study, beneficial effect was found in 49 (77%) out of 63 bladder preserved patients. This finding is in keeping with the improved accuracy of FDG PET imaging in abdomino-pelvic malignancies when it was combined with forced diuresis documented by Kamel *et al*.\[[@ref13]\] Correlation of morphological images from CT data with PET data from combined PET/CT studies increases the diagnostic utility.

Compared with CT improvements is seen in PET/CT, with respect to sensitivity (initial staging group 66% vs. 87%; restaging group 80% vs. 85%) specificity (initial staging group 57% vs. 80%; restaging group 50% vs. 60%), PPV (initial staging group 50% vs. 70%; restaging group 40% vs. 60%), NPV (initial staging group 72% vs. 92%; restaging group 85% vs. 85%) and accuracy (initial staging group 60% vs. 82%; restaging group 58% vs. 70%). From a clinical point of view, if PET shows a hypermetabolic nodular lesion and CT does not indicate the reasons for false positivity of PET (e.g., urinary stasis in ureter, invasion of the ureter by the primary tumor, bladder diverticulum), the high positive likelihood of malignant LN involvement seems to justify a PET-induced change in the therapeutic strategy. In this situation, PET/CT improves the diagnostic accuracy. Seven of the 40 patients found to have FP LN on PET/CT may be due to reactive changes following recent biopsy.

Other studies used different tracers apart from FDG. In a study by Letocha *et al*. investigated whether PET with L-methyl-11C-methionine as a tracer could be used for the evaluation of therapy response in 44 patients with varying stages of the urinary bladder TCC treated with chemotherapy.\[[@ref16]\] In that study PET was poor diagnostic accuracy and the technique could not monitor the therapeutic effect of chemotherapy. Better result was found with C-11 choline, which is not excreted into urine, overcoming a significant limitation of FDG.\[[@ref17][@ref18]\] However, role of non FDG PET tracers in the imaging evaluation of patients with bladder carcinoma is yet to be fully established.

Study limitations {#sec2-4}
-----------------

Being a retrospective study there may be evaluation bias. Moreover, clinical information and follow-up data of all the patients could not be retrieved. Histopathology report was found only in 40 patients and follow-up imaging data was available in 10 patients. Metastatic lesions were not confirmed histopathologically. It was not sure that the particular LNs showing FDG PET/CT positivity actually harbors metastatic disease. Histological findings were found as LN group not as an individual node.

Conclusion {#sec1-5}
==========

Our findings add to the current literature, suggesting that FDG PET/CT scanning may contribute significantly to the imaging evaluation of patients with carcinoma urinary bladder compared with CT both in pre-operative and restaging settings especially in detection of lymph nodal and distant metastatic disease. More prospective data is required on a larger series of patients to determine the exact diagnostic performance, impact of FDG PET/CT and its cost-effectiveness in patients with carcinoma urinary bladder.
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